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Very long wavelength infrared ͑VLWIR͒ detectors have many applications such as space based astronomy and early detection of long range missiles. In this wavelength range, the existing detectors with acceptable uniformity and quantum efficiency are extrinsic silicon detectors which operate below 10 K. Consequently, multistage cryocoolers are required which are heavy, bulky, and have a short lifetime. These drawbacks are especially important for space based applications, and therefore a detector with higher operating temperature is in great demand.
Type-II InAs/͑GaIn͒Sb superlattices ͑SL͒ have been proposed as an alternative material for infrared detectors, and recently several successful devices based on these superlattices have been demonstrated in the long wavelength infrared range.
1,2 Theoretical calculations show that InAs/͑GaIn͒Sb superlattices potentially have a superior performance compared to HgCdTe 3 and extrinsic silicon detectors in the very long wavelength range. However, photovoltaic and photoconductive detectors based on these superlattices with cutoff wavelengths above 15 m perform far below theoretical predictions and have only been demonstrated at very low temperatures. 4, 5 The major reason for the low detectivity of the photovoltaic devices at higher temperatures is the high background carrier concentration in the SL leading to a high tunneling current density. Also, photoconductive devices grown on the existing GaSb substrates are suffering from the high shunt conductance of the substrates 6 at Tϭ80 K and must be cooled down well below the carrier freeze-out temperature ͑ϳ20 K͒. Unfortunately, semi-insulating GaSb substrates do not exist and efforts to grow isolating GaSb or AlSb epilayers on GaSb substrates 7 have not been successful yet.
We report on a series of photoconductive InAs/GaSb SLs with different cutoff wavelengths grown on an optimized GaSb buffer layer on semi-insulating GaAs substrates by molecular beam epitaxy ͑MBE͒. The surface quality of the GaSb buffer layer is especially critical in the performance of the detectors, since any roughness in the InAs/ GaSb superlattices leads to inferior lateral transport 8 and inhomogeneity of the band gap.
The growth of highly smooth GaSb buffer layers on GaAs is difficult due to the ϳ7% lattice mismatch, resulting in a high density of dislocations and persistent spiral mounds.
9,10 However, we have developed a three-zone growth method capable of producing highly smooth GaSb buffer layers. The details of this method will be reported elsewhere. In short, GaSb was first nucleated at a temperature of about 400°C. The substrate temperature was then increased to 510°C for the main part of the growth, and finally the surface was annealed under Sb flux at about 380°C. Figure 1 APPLIED PHYSICS LETTERS VOLUME 77, NUMBER 11 image of the surface of a 2-m-thick GaSb buffer layer grown by this method. Atomic steps are clearly visible over the 1 mϫ1 m area without any spiral dislocation. The typical root-mean-square ͑rms͒ surface roughness of the buffer layers was about 4 Å over a 10 mϫ10 m area. InAs/GaSb superlattices were grown on top of the GaSb buffer layer at a substrate temperature of about Tϭ390°C according to a calibrated pyrometer. Group V to III incorporation rate ratio and growth rates were similar to the previously reported values. 11 High resolution x-ray diffraction of the superlattices ͑see Fig. 2͒ shows high crystal quality of the grown material. The rms surface roughness of the superlattices was about 5 Å over a 10 mϫ10 m area which is comparable to the surface roughness of the best InAs/Ga 1Ϫx In x Sb superlattices grown on GaSb substrates. 12 The material was then processed into 150 mϫ200 m mesas using chlorine based reactive ion etching ͑RIE͒. After surface cleaning, standard lithography and liftoff technique were used to define Ti/Au ohmic contacts ͑inset of Fig. 3͒ . No passivation or antireflection coating was used on the devices surface. For optical and electrical measurements, the samples were indium bonded to a copper heatsink and attached to the cold finger of a liquid nitrogen cryostat equipped with KRS-5 windows.
The spectral response of the devices was measured with a Galaxy 3000 Fourier transform infrared ͑FTIR͒ system. A calibrated blackbody setup was then used to obtain the absolute responsivity of the devices illuminated from the front side and at normal incidence. Figure 3 shows the spectral responsivity of three devices with different superlattice designs at 80 K. The KBr beam splitter of the FTIR system allows accurate spectral measurements up to ϭ25 m. The spectral features ͑e.g., ϳ4.2 and 7 m͒ are due to the difference in the optical path lengths for the background and detector measurements. The 50% cutoff wavelength of the samples were about c ϭ12, 17, and 22 m with peak current responsivities of about 180, 100, and 27 mA/W, respectively, under an electric field of 20 V/cm. The 90% to 10% cutoff energy width of the devices is about 18 meV ͑ϳ3 kT͒ which is an indication of excellent thickness uniformity of the superlattice layers. We could measure the current responsivity up to room temperature even for devices with the long- est cutoff wavelength. Figure 4 shows the typical current responsivity at 20 m and the sheet resistance of these devices at different temperatures. Unlike the results obtained for similar structures at shorter wavelengths, 13, 14 the responsivity of these devices is nearly an exponential function of the inverse temperature. The sheet resistance of the detectors shows an intrinsic behavior up to about 200 K with an activation energy similar to the band gap of the superlattice ͑ϳ47 meV͒.
The uniformity of the growth over large areas is an important issue for devices in the VLWIR range, since the cutoff wavelength is a sensitive function of the layer thickness in the superlattices. We studied the uniformity of the growth over a 3 in. wafer diameter by growing three samples at the center, middle, and the edge of a three inch block simultaneously. Figure 5 shows the relative spectral response of these samples. The 10% cutoff energy varied only about 5 meV from the center to the edge, showing excellent uniformity over large areas.
In conclusion, we have demonstrated very long wavelength infrared detectors based on type-II InAs/GaSb superlattices operating at 80 K for the first time. Devices with 50% cutoff wavelength up to 22 m were grown on semiinsulating GaAs substrates. The detectors showed high uniformity over a three inch wafer diameter, indicating the possibility of VLWIR focal plane arrays based on type-II superlattices.
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